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(57) Abstract: A method for estimating the charging rate accurately by approximating the open circuit voltage of a secondary battery 
with high precision. In the charging rate estimating method, initial setting of required parameters is performed in order to estimate 
the charging rate of a secondary battery for feeding power to a load (step SI 1), voltage of the secondary battery is measured within 
a specified time after ending charge/discharge and a plurality of voltage measurements are acquired on the time axis (step S12), se- 
quential calculation is performed using them (steps S14-S21), coefficients of a second or higher order exponential damping function 
approximating the time characteristics of open circuit voltage of the secondary battery are determined and the converged value of 
open circuit voltage of the secondary battery is determined at least based on the coefficients thus determined (step S22), and then the 
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<^d9j 




,5(9,1) 
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[dR9, 



(11) 



[0084] Z.<D£o^ ^^y7 p Sl9^C^V^X^i, #.^l~A9<D^n^ft4cMJ&-r59i@<£> 
^^•ddi~dd9^#t.n, ztihlz.m^Wc'b~&&<nMcMM&Wm-rz>z.b&X*Z 

[0085] ^UC. ^2/7 B S19t?#^tt/c9^(D^ddl~dd9^ol/^ &<£>(12)5££rti3t 

tc-tfrm**nm-$-z> (^5/^s2o) o 

[0086] ($C32) 

ddl, dd2, dd3, • • • dd9 < 10 u 
(12) 

[0087] {i2)^.(D^m^ io- y2 izmz>n-r. •vviz.m^miMzwrfefct: 

SK #M^ddl~dd9^+^P^j5V^c^, ^(D^XM^-m^mMM^ 
&btltz&<DkLXXTv7 p S22izmt?o -X. (12)7£&mtc&&^k¥m£ft>Z>k( 
^X^S20;NO).^-ll^ddl~dd9^^#<*/J^~^O*i®^^#^TV^ 
ftV^OtbT , Hk(D (13) 7£,\Z.m^Z&* ^^CAl~A9^j€^f-r^ (*7^S21 

)o 

[0088] ($C33) 
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f A 1 > 
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f A 1 
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QQ 
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A 3 
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dd 


3 


A 4 




4 4 
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dd 
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A 5 




>4 5 
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dd 
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A 6 




^ 6 
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dd 
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A 7 




A 8 
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dd 
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i4 8 




i* 8 
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dd 
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1^9, 
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dd 





(13) 

[0089] ^X5/7 P S21^*5V^^^CAl~A9^|g^tL5t, ?¥t/^7 L y^ , S14t^f UT 
. frU ^#$CA1 ~A9£JB V *T*/h ~ *&&jg/8 Lfc^^7°S 14~S20<D*£i3£- 

[0090] xx^7 B S20^^^^7 B S22(c^fTi-5^fi, MliIlfttt££*Jtg!ftK: 

+#&£-ra£#<P!R*ttVO&?fc<B (14) 5tt C-MtH*-*-* (*^y^S22). 
[0091] (#34) 

KO = ^lexp(^5-Tx)+ v42exp(^6-Tx) 
+ ^3exp(^7-Tx)+ ^4exp(^8-Tx)+ J® 

(14) 

[0092] ^UT, ^'7 i 5/7 R S22T*#t>tLfcMlHl!^miE<7)JiX^iiV0<b, £©ll#/£<0##AO~ 
A9£, •etb^niBtig514(^#-r5 (^^x^S23). wtb(cJ:«5. ^tfttBoMia 

[0093] ^5/7 B S22-C#^tLfc^llIlJ§mJEOl|R^firV r 0^S^#. Zlft«?&10a) 

&**&tf*-*-«(*^s':7 , S24). zUfc«felO0>asM*M:, IfllElS&ffiJE 

^^^st-iom^^nfc-^mmioo^m^ttSt^o^j^^a^i-^m^^s 
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[oo95] mz, y^mm^m(D^m^^xm^i-^ 0 ±.&i>tc£?\^ *mMrm\z.&z> 

^mm^tzm^x^xh, jg-ffimmmis^^tfimz^xte. i&^ymco 
mmmnm^m^xm^m^oxo^mh-^mx^ ^mmrm 

[oo96] *&&M^io^xte. =LKmmio^M^xms^ir&mzMte&. mmw± 

afcsifc&fijfflu mmmm\z.w^x^^i^<f£^^^tc^mM^m 
*m\,^xm&!m*ft5*><»x3bZo ^x\ ^mm^wmtx^x. - jwmuio 

*i-*4*©»*i«H**r*£U m&ftmzm V SKfiGia**© (16) ^rx?* 

[0097] (^C35) 

Y = 1.01707 exp(-0.2328-T)+ 0.38436 exp(-0.02577-T) 

+ 0.15783 exp(-8.0717E - 4-T)+ 0.12104exp(-1.8876E - 5-T) + 12.7216 

(16) 

[0098] *lt, ±iE<i6)a;fcHu mi~4mzm<s<m®®w£<»&m®&z&&^ 

. B6-10K*T. **\ B6tt, (16)^*3V^T, »*©***V* 

[0099] (ffr36) 



m m x. m &. mm2® 
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Y =1.01707 exp(-0.2328-T)+ 0.38436 exp(-0.02577-T) 

+ 0.15783 exp(-8.0717E - 4-T)+ 0.12104exp(-1.8876E - 5-T) 

(17) 

[oioo] Bi6^-r<t9fw, m%mmi:thK&Tg&mmLx^<(DX\ m»n&»^^ 

[oioi] #ctc, m7te. (i6)*K^v^r*i«©j*»©*«r^tr«*oi*IBW*^foO, 
Hk(o (i8)^*;i < fc9gWLfct><DT^feSo 

[0102] (#37) 

Y - 1.01707 exp(-0.2328-T) 

(18) 

[0103] mmz y (17)^*C*3»tSSR2~4*©V^-fttd»«>^0*Sr&tf»^U-C,Bl8 

[0104] (I&38) 

Y = 0.38436 exp(-0.02577-T) 

(19) 

[0105] (#39) 

Y = 0. 15783 exp(-8.0717E - 4-T) 

(20) 

[0106] (#40) 

Y = 0.12104exp(-1.8876E - 5-T) 

(21) 

[0107] m7~mioK^-rj;^ *MM©«o»«i^©**«>*G>tt* (ie)^«- 
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[0108] *mmx'te. ^^mmm^^^^^m^^m^^t^m^ 
u mm^m^^mm^^^^M^xm^m^^^ ^xmnm 
mzn^tKM, fowmnmmzmzhvxfrZo -tux. ±&i,tc£o\z=LifcWM 
lotvxMmm^-^mm^m^. 4ik(DmmwL^m^mm-r^m^m 

[0109] [^1] 



wzmfefi* (#) 




O-IO 


mi«+^23S+S3«+»4« 


10 — 6 0 




6 0~6 0 0 


®3ig+SS4* 


6 0 0~ 


8*4Jg 



[oho] *-r^ mu^-rmm^m^^x. lasi^^ims^iw^^bioTO 
mmi^^y'si2xm 1 }±^yMmm^^m^^i-4m(D±x^tim 
<Dm$kmmmm*mm-fz>o ^^mmwmx\^ m&mnm&n&momw 

[oni] r*u-*tu ^^Ms^^^NF^^ioMigufc^^^^-cii, m%tmmm$k 
<D^im^mux^nm^mi-^<DX\mim^m^2-4m^^mcDmm 

m^mmmm<Dmi^Mx.xm2mhmnx^mm^mm'r^x\ mi. 2m 

^heoo^m^t^^v^xi-x. mmumm$k<D®i. 2m^uw^xm3mhmu 
x^nm^nm^(Dx\mi-3m^m^m4^<D^^m(om^Minm^ 

[0112] r<7)j;9^, ^^^3®<orj^«#^7j^m/±iy^^^^^xi-^i-^p#Fs^^<^ 
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[0115] *a5^0»Jl-*5^-Ctt. r&mmofcLT*Mffl»'>-/»'«?&&S£Ui:J& 

[0116] ^Jit^U/c^f^ *«#«fc*5i,vr«: % -&*mo©H@tt«JE©ifclBW 
[0117] *7t, *Sllt»l»^*3V^T, Z!l!k«?l!llO<©W!lsI»ft«flE^IBl!WFttS:ififlSl-r54Jfe 
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[0118] *jOB»ttK*3V>-C, (5)^tS%i-4*©»«««BB*»*. 9«©«*A1 

-A9*r&tft>©-Cfe536S. (22) ^Kl^J:3fcl0ffl<Z>«8cAl~A10Sr£if 4 

[0119] (»41) 

F(T) = Alexp( A5-T)+ A2exp(A6-T) 

+ A3exp( A7-T)+ A4exp(A8-T)- A9-T + A10 

(22) 

[0120] ±IB<0 (22) *l£*3 V vC* - A9 'TX>&£tlZ>m:mfel'K.h<OX'1bZo 

, *IW»T*©— &«»10*»b» Wttf * «9»»13 J MBlt»14li0f3e©«««: 

S^*3VNT(22)^10<@<D#.^Al~A10S:^-r5a:5t-i-tbtf, 

[0121] *^jfe?gffi-ett» *w&*<o'<y^v7mttmmn<onmmm<o-*. 

[0122] BllWtWK, -*«ll©*«*«3e«W*:ae>©^^100tt, 

^j^«io2i. ^j^^^a^-e^-r^^^io3t, «Hi*.*wfcu-c 

[0123] r©J3**J**i-^fc«. **HH*101tt, -*«tt^-***lB©« 



WO 2005/006006 



23 



PCT/JP2004/009749 



[0124] ^0^^*5V>T, ^^^103fi, ^^roft-^fe, * Wt-tttbS:20 

i^m?i!iBo^> mi*, ^jfto^so^rM-^. 

[0125] |gli2{c^-rj;9{-x ZL&MftKD^fiSr&fcu «WJ«fc«>«>tMnEIIRlOl, 

M • ¥U £136 1 023rZHfcS?fe0>gft flHH , 1 03£gfrMtf>{£g 

[0126] fttttfjl-tiU r^liroti^i^, W-rSfcft^^PlHlSSlOl, flfl]«l-*l]£ 
^Sl02Srr2kmmB«>ISiHli]{-SaMU, ff5iJ^-¥U/££igl02te. tfcfcHHIfcloia* 

i o&4I*lt* 1 03fei] (di^f -r^o 

[0127] z(om^ &^mo3MimwztitzmmmmiiizftL,T, =»t°a-^n2^ 

[0128] ifcfe. 012<O-^«JfeMWtC«iJ«I-*«J^«lO2^ftl<"O{>J;<. »ft)|ElKl01 

[0129] r^^^-rs^-cW, ^Rtf » mk(n&7Fn*WLrtz>. xrau ig£fc©0f (- 
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[0131] %<Dm<DMfo&\ti,x, mi3(D^o^m^<D—d^n.^Mtiti^m^^x 

[0132] Z:<Dm<0&teWtl,X. Hl4K)«t9l-1fi«t«>— «>£«?!&106W5*>. lo«- 

^WSIBllio8iftsz:*«»io6b^i&f+Jt6>n6t>»-x**>S- Hi4-eri 

^roil&*fllLl06ctt&«^£*:LftV«feW*>&, 
[0133] 014-Ctt. §gfli'«aS»J1»iSai09^W:> GPS (Global Positioning System) 

3SB110, HRWlli, «»»112*3WK«S*L5. ^a-mraJW^Si09J;oT 
«W«r«»Xtt/&tJ««!l«l«r«. HBmil<&£*T-i8*J\ ^®3^P1120 

j«iii505te^"*nat>tftta-c#5«>"es ^a-«^j^^aio9Mw^J^*t^J 
#5o £*>ic ^a-mM^aio9, rfcmttamwjfcsea^B^uevw 

[0134] fc&to-frWfatofttt&wfe-t'Zzkiz.xK m$mtifM\z&& j $>iLm 
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[0136] r<D«t9^-rtt^. />^<tt>loKS^ffl^^-^«^^-^ dS ^" C * fc 
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mi) 

F (T) = ^1 exp( A5- T) + ^2 exp( AS- T) + c 

(&2) 

F(T) = 41 exp( ^5- T) + A2 exp( ^6- T) 
+ A3 exp( >17- T) + A4 exp( ,48- T) + A9 

*\ 
(*3) 

F(T)= A2 exp( 46- T) + A3 exp( 47 • T) + 44 exp( 48- T) + A9 



H # x. J3 tt G&IB26) 
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(&4) 

F(T) = A3 exp( Al'T) + ,44 exp( .48- T) + .49 
(#5) 

F(7*) = A4 exp( ^8- T) + A9 
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[io] tWrlB»«c*«M*fcbxi*IWTK:#L, 

(TO 

= Al exp( ^5- T) + A2 exp( ^6- T) + c 
lCW*&h^M8cF(T)«:JBV\ 5ffl<DflMfcAl. A2, A5 F A6, CSr^r^i-^wt 

F(T)= A\ exp( A5-T) + A2 exp( 46- T) 
+ A3 exp( vi7- T) + A4 exp( /18- T) + A9 

[12] wie^j^^«> iwib^owjiwm^^i^^^^p*^*^*^* 4 - 

mrEB8*F(T)4r, 
(&8) 

F(r) = 42 exp( 46- T) + A3 exp( 47- T) + A4 exp( 48- T) + A9 



m # x. « « cm§H26) 
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(&9) 

F(T) = >*3 exp( v47- T) + A4 exp( v48-T) + A9 

(mio) 

F (7 ) - AA exp( i48*T) + A9 
£i-£f#:£«8t£ffi«^ftm^jf®g» 0 

[15] »*«8**e>S»*3Sl4<Z>V ^ixA»^lBtt<0***«l^*«:fllx.fe«*'>^7 1 
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